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CHANGING LAND USE IN RECENT DECADES AND ITS IMPACT  
ON PLANT COVER IN AGRICULTURAL AND FOREST LANDSCAPES  
IN POLAND 
 
 
Abstract: The objective of this paper is to present the effects of general changes in 
land use in recent decades on plant cover structure in Poland. The paper is focused 
on spontaneous processes that occur in agricultural and forest areas being no longer 
under human pressure. Studies carried out in different geobotanical regions of 
Poland demonstrated that the directions and range of dynamic changes in plant cover 
are similar across the country. The formation of secondary forest phytocenoses, on 
the lands delivered from human activity is a common ecological process observed 
today in the agricultural landscape. In the dynamics of forest vegetation the basic 
process is regeneration after ceased use, and the introduction of legal protection.    
Key words: cultural landscape, human disturbance, land use changes, regeneration, 
secondary succession, vegetation dynamics processes  
 
1. INTRODUCTION 
 Over the last several thousand years the natural environment on the Earth has 
been transforming particularly rapidly due to the growing needs of a single species – 
Homo sapiens. Currently, the human pressure on our planet is so strong that the 
name of a new epoch – the anthropocene – is being used more and more frequently 
(CRUTZEN 2002; CRUTZEN, STEFFEN 2003; ZALASIEWICZ et al. 2008). The beginning 
of the 20th century can be assumed as the starting point of this period, when 
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population size and consumption rate rapidly increased, and humans dominated 
nature and became the major factor shaping ecological systems. 
The intensity of human activity fluctuates depending on historical period and 
geographical region (SUKOPP 1972; FOLEY et al. 2005). Because of surges of 
civilization changes, natural areas previously seized by humans recover their former 
status during periods of economic slowdown or because of advances in technology. 
Therefore, the present vegetation cover is a mosaic comprising patches which 
undergo dramatic changes, and those where succession and regeneration lead to the 
naturalization of ecological systems (FALIŃSKI 1986a; ELLENBERG 1988; VAN DER 
MAAREL 1988). 
The objective of this paper is to present the effects of general changes in land 
use in recent decades on plant cover structure in Poland. Due to the extensive range 
and complexity of the discussed problem this paper is focused solely on general 
transformations in agricultural and forest areas, without reference to urban and 
industrial areas. Major interest is focused on spontaneous processes that occur in 
land being no longer under human pressure. Our article was inspired by papers on 
various aspects of dynamic transformation in plant cover in Poland, published in the 
current volume of Folia Biologica et Oecologica no. 7/2011. 
 
2. GENERAL DIRECTIONS OF LAND USE CHANGES IN EUROPE OVER 
THE LAST TWO CENTURIES 
Over about 5,000 years of agricultural history in Europe, the anthropogenic 
transformation of natural woodlands into mosaic landscapes with agricultural and 
semi-natural habitats has had the considerable side-effect of enhancing the diversity 
of vascular plants, biocoenoses and ecosystems (SUKOPP 1972; WALDHARDT et al. 
2003). The highest diversity of plant cover in Europe was recorded in the 18th and 
early 19th centuries (SUKOPP 1972; ELLENBERG 1988; BAKKER 2005). Various 
extensive forms of use resulted in the permanent preservation of meadows, 
grasslands, pastures, forest edge communities and thermophilous forests (BAKKER 
2005). In farming and forest areas unaffected by urbanization and industry, plant 
cover adapted to the specific way of use, which involved periodically repeated forms 
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of human pressure (OLACZEK 1972). However, in those times human pressure did 
not yet result in significant changes in general environmental conditions, water and 
soil regime, or climate (SUKOPP 1972; KORNAŚ 1977). 
In the middle of the twentieth century, the situation changed dramatically. 
Traditional and diverse management practices, which had been the main driving 
forces for the increase and preservation of biodiversity, were given up and were 
replaced by modern agriculture. Intensification of agriculture through the use of 
high-yielding crop varieties, fertilization, irrigation, and pesticides has contributed 
substantially to tremendous increases in food production over the past 50 years 
(MATSON et al. 1997). At the same time, many marginal areas with an unfavourable 
climate, topography and poor soils are threatened by abandonment. Such rural 
landscapes, with a traditional small-scale mosaic of grassland and arable fields, and 
thus a high diversity of habitats, have undergone radical change since crop 
production has been widely replaced by extensively managed grasslands or even 
forests in the past few decades (WALDHARDT et al. 2003). 
These opposing processes have led to a decrease in biodiversity, which 
continues to be observed today, particularly in Western Europe (ELLENBERG 1988; 
BAKKER 2005; HODGSON et al. 2005; POSCHLOD et al. 2005; PETIT, FIRBANK 2006; 
REIDSMA et al. 2006; NIEDRIST et al. 2009). 
In Europe the end of the 20th century brought further human-induced changes 
which had a significant effect on land use (POSCHLOD et al. 2005). The availability 
of inexpensive food imported from distant countries, changes in life style, and 
migration of people from rural to urban areas in search of jobs, have been causing 
the abandonment of areas formerly under human use (ELLENBERG 1988). These 
areas have became forested, or used for the construction of new residential estates, 
holiday resorts, or for public, transport and industrial infrastructure. Such a process 
has certain effects on the structure and dynamics of plant cover. Grasslands, arable 
fields and meadows become covered with trees, and young and secondary forests are 
formed, which are difficult to classify to the existing phytosociological units. 
Species banks in the landscape change, and the surface of grassland and meadow 
communities – remnants of former use – are reduced, until total decline occurs. The 
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isolation of semi-natural vegetation patches has become a considerable problem 
(PETIT, FIRBANK 2006). The restoration of floristically rich meadows and grasslands 
is today greatly inhibited due to the limited migration opportunities of plants which 
were formerly dispersed by, e.g. domestic animals (POSCHLOD et al. 1998; BĄBA 
2003; DZWONKO, LOSTER 2007). 
In the middle of the 20th century some changes in European forest 
ecosystems have been caused by abandonment of use. Forests were no longer used 
for grazing, the collection of litter and faggots, or controlled burning (ELLENBERG 
1988; FALIŃSKI 1986 a, 1988 a; BENGTSSON et al. 2000; ZERBE 2002).  
At present after decades of executing technical and economic forest 
management, e.g. cultivation of coniferous monocultures, the so-called biological 
rationalisation methods are being introduced. Not only the answer for the question: 
“What to do to forge a sustained, stabile, biologically diverse and efficient forest?” 
is being sought but also “What not to do yet to achieve this target?” (PALUCH 2006). 
Changes in silviculture theory and practice today result in the observed 
spontaneous regeneration of forest communities, reflected in such processes as 
increased share of deciduous trees and shrubs, and number of species characteristic 
for mesophilous and shady habitats. The encroachment of broad-leaved tree species 
and habitat fertilization often cause a decline in thermophilous and heliophilous 
species, whose occurrence may be connected with the management of forests in the 
past (e.g. TYBIRK, STRANDBERG 1999). Regeneration mainly occurs in protected 
forest areas where use is limited or has completely ceased (FALIŃSKI 1986 a).  
When the above-described changes in agricultural and forest landscapes 
occur simultaneously over large areas they lead to a change in regional species polls, 
which may significantly influence the future formation of new species compositions 
(BENGTSSON et al. 2000; NAAF, WOLF 2011). 
 
3. NATURE OF CHANGES IN LANDSCAPE MANAGEMENT IN THE 20TH 
CENTURY IN POLAND 
The formation of plant cover in Poland has been under the influence of 
various natural and cultural factors (SZAFER 1977). Plant cover is highly diversified 
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and includes: almost primeval communities, semi-natural and markedly 
anthropogenic communities. In general, the natural environment in Poland is 
preserved in a better condition than in other parts of the Central European Plain, and 
biodiversity in Poland has one of the highest levels in Europe (ANDRZEJEWSKI, 
WEIGLE 2003). This is influenced both by natural conditions and, different from 
other European countries, the nature of human pressure, for example uneven 
distribution of industrial and urban areas in Poland, as well as extensive farming on 
a large scale. The cultural landscape of the Polish countryside is unique on European 
scale because historical circumstances prevented Polish agriculture from doctrine-
based collectivisation or large-acreage farming driven by the free market. 
Changes that occurred in the Polish natural environment in recent centuries 
have been unevenly distributed and determined by political and social factors. On 
the land annexed by Prussia changes in plant cover caused by the developing 
civilization were similar to those in Western Europe, while in other regions they 
occurred with delay. This particularly refers to eastern and south-eastern regions of 
Poland, where the structure of farming land is highly fragmented, and where 
traditional farming methods continue to be used. 
The transformations that occurred in Poland after World War II had a 
significant effect on intensified changes in land use. In Poland, under a new system, 
the migration of people and changes in land use took forms unknown before 
(CIOŁKOSZ, POŁAWSKI 2006). Abandoned and fallow lands were not uncommon in 
Poland in the period between the wars, yet the acreage of arable fields, meadows and 
pastures has been rapidly decreasing since 1938 (Fig. 1). The dramatic decrease in 
acreage occurred during and after WWII. In the 1940s, because of war damage and 
migration of people, fallow lands covered a considerable part of Poland, particularly 
in Regained Territories. In the 1950s and 1960s, during post-war reconstruction and 
development, the reduction in agricultural acreage was inhibited (Fig.1). Further 
reduction in agricultural acreage, and the emergence of lands left fallow for social 
and economic reasons, was associated with social and economic transformations that 
had led to the migration of people from rural to urban areas, and which continued 
gradually until as late as the 1980s (BAŃSKI 1997). 
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Another phase of growth in fallow land area followed the transformation of 
the political system between the end of the 1980s and the early 1990s (Fig. 1). This 
process was determined by various factors, e.g. economic, financial, poor soil 
quality and high fragmentation of farms (NOWICKI et al. 1998). 
 
 
 
Fig. 1. Changes in agricultural area between 1938 and 2007 in Poland (based on data 
from URBAN 2009). 
 
In the early 21st century further significant changes in the structure of 
agricultural areas were observed in Poland (Fig. 1). The accession of Poland to the 
European Union, and previous economic problems in Polish agriculture (e.g. decline 
of state-owned farms), compelled fallowing on a considerable area of agricultural 
land (PLAN ROZWOJU 2004-2006; PROGRAM ROZWOJU 2007-2013). After the 
accession of Poland to the EU the area of meadows and pastures increased slightly 
(Fig. 1), due to the introduction of EU direct subsidies and agri-environmental 
programmes, but, unfortunately, lands recovered to use are not in general as valuable 
in terms of natural features as those which have been lost within the past several 
decades. 
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Elimination of land from agricultural use triggers secondary succession, 
which is one of the major threats to the existence of valuable semi-natural 
communities in the landscape. In certain regions previously dominated by meadows 
and pastures farming was completely eliminated, while in others agriculture moved 
to more fertile soils, e.g. those located in drained areas. This has led to the decline of 
many patches of semi-natural meadow, moor and marshy communities (see: 
JASNOWSKI et al. 1968; JASNOWSKI 1972; FALKOWSKI 1983; KORNAŚ, DUBIEL 1990; 
OLACZEK et al. 1990; BARABASZ 1994; HERBICHOWA 1998; KUCHARSKI 1999). For 
similar reasons grazing on thermophilous grasslands, whose existence is dependent 
on extensive use, was abandoned (see: MICHALIK 1990 a; SENDEK, BABCZYŃSKA-
SENDEK 1990; FIJAŁKOWSKI, ŚWIERCZYŃSKA 1991; DZWONKO, LOSTER 1998; 
WALDON 1999). 
Another process parallel to fallowing is intensified agricultural practice 
(PROGRAM ROZWOJU 2007-2013), which, combined with land integration, leads to a 
further decrease in mosaic habitats, a reduction in the area of semi-natural 
communities, and elimination of woodstands, ponds and boundary strips, as well as 
the isolation of populations of stenotopic species. 
Reduction in the area of semi-natural meadows and grasslands in the 20th 
century occurred with the simultaneous increase in forested areas and those intended 
for settlement and industrial use. After the period of ‘hunger for wood and land’ in 
the 19th century, which led to considerable deforestation (OLACZEK 1972), the area 
of forests increased by over 15,000 km2 in 1930-2000, and the forestation rate in 
Poland increased from 20.8% in 1945 to 29.2% in 2010 (GUS 2010). These changes 
had a clearly regional nature and occurred mainly in north-western and south-eastern 
parts of Poland (Fig. 2). The forestation rate increased significantly in such regions 
as the Bieszczady Mountains and their vicinity (WOLSKI 2007), and in Regained 
Territories in western and northern Poland. This was associated with political 
transformations and the massive resettlement of people after Word War II 
(JUTRZENKA-TRZEBIATOWSKI 1999; CIOŁKOSZ, POŁAWSKI 2006; WOLSKI 2007). 
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Fig. 2. Areas of recorded increase in forest cover in Poland 1930-2000 (after 
CIOŁKOSZ, POŁAWSKI 2006, modified). 
 
A question of whether areas eliminated from agricultural use should be 
aforested or instead left until the spontaneous forest return is more and more 
frequently raised (WÓJCIK 1996; BALCERKIEWICZ 1997; KUJAWA-PAWLACZYK, 
PAWLACZYK 1997; SZWAGRZYK 1997; JERMACZEK 2008; MATYSIAK, DEMBEK 
2008). Forestation causes a permanent change in land use, requires considerable 
financial input, and is time-consuming and labour-intensive (REWUCKI 2008; 
SKOLUD 2008). On the other hand, several hundred years may be needed for 
spontaneous forest return (FALIŃSKI 1986a,b; BOMANOWSKA, ADAMOWSKI 2007, 
2009), and this process does not always lead to the recovery of the former forest 
community (GRINN-GOFROŃ 2007; KUJAWA-PAWLACZYK, PAWLACZYK 1997; 
ŁASKA 1997). The species composition in secondary forests established during 
spontaneous or assisted succession depends, for example, on the availability of 
diaspores of ancient forest species. Therefore, the ability of plants to migrate within 
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the landscape is the key factor determining the time needed for regeneration and 
naturalization of the discussed natural systems (DZWONKO, LOSTER 1992; 
ORCZEWSKA, FERNES 2011). Many authors (RICHARDSON et al. 1994; FALIŃSKI 
1998b; REJMÁNEK 1999; BARABASZ-KRASNY 2002; MEINERS et al. 2002; 
ADAMOWSKI, BOMANOWSKA 2007, 2008) also draw attention to the fact that fallow 
lands are susceptible to invasion by alien species. 
Methods of use of forest ecosystems have also changed over recent decades. 
In the early 20th century traditional forms of use such as grazing and litter removal, 
were eliminated in forests, although in some regions they remained as an occasional 
practice until the 1980s. These changes resulted from the implementation of relevant 
regulations, and also from civilization progress and reduced demand for "historical 
forest services". The early 20th century brought the dominance of forest management 
giving preference to the establishment of coniferous monoculture and limiting the 
use of selection-cutting system (OLACZEK 1976). 
An essential stage of changing forest use was ‘ecological forest 
management’, introduced by legislation in early 1990s. New principles for forest-
growing included, e.g. better adjustment of tree species composition to habitats, 
wider use of complex felling, withdrawal of clearcutting in certain habitats, and 
limitation of use in so-called special forestry management units, including the 
gradual restructuring of coniferous tree monocultures established in past times. In 
the current understanding of the environmental role of forests the older methods, 
such as selection-cutting are gaining in importance again (PALUCH 2006). 
The ecological effects of these changes can be observed in many forms 
today. One of their symptoms is the common regeneration of hornbeam forests, 
Carpinion, and beech forests, Fagion, (see: CZEREPKO 2004; KUROWSKI 2004; 
MACIEJEWSKI 2011) and the disappearance of some communities from the Polish 
forest landscape. The area covered by thermophilous oak forest Potentillo albae-
Quercetum, subboreal mixed forest Serratulo-Pinetum, and pine forests with 
pasque-flowers Peucedano-Pinetum pulsatilletosum, is decreasing. All this leads to 
a decrease in the internal diversification of vegetation units (JAKUBOWSKA-GABARA 
1993; MATUSZKIEWICZ 2007). It turns out that not only substitute communities 
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described as degenerated forms (OLACZEK 1972), but also some well-known forest 
associations have developed and enlarged their area under long human pressure. 
There is only a difference in the time needed to initiate the transformation. 
Agricultural or forest management has also ceased in areas with valuable 
natural features, those under legal protection, or in their direct neighbourhood 
(KUJAWA-PAWLACZYK, PAWLACZYK 1997; ADAMOWSKI, BOMANOWSKA 2008; 
MATYSIAK, DEMBEK 2008; MICHALSKA-HEJDUK, BOMANOWSKA 2009). Today there 
are ten forms of nature conservation in Poland established by law. National parks 
and reserves cover about 1.6% of Poland’s area, while landscape parks and protected 
landscape areas account for over 30% (GUS 2010). In these areas human pressure 
has been largely limited. Recently a significant impact on the increase in the surface 
of protected areas has been attributed to the European network of Natura 2000 sites, 
which in total covers about 20% of Poland and partly overlaps the national system 
for nature conservation. In protected areas where forest or agriculture management 
ceased, transformations in plant cover also contribute most frequently to a retreating 
of heliophilous species typical for grasslands, meadows and thermophilous forests 
(see: MICHALIK 1990b; JAKUBOWSKA-GABARA 1991; KAŹMIERCZAKOWA, 
GRODZIŃSKA 2007; MICHALSKA-HEJDUK, BOMANOWSKA 2009). Active 
conservation measures, which are expensive and demand regular use, are 
implemented for the protection of these sites. Protected sites are also good testing 
grounds for studies on spontaneous ecological processes (see: FALIŃSKI 1986a; 
SZWAGRZYK 1994). 
In summary, the agricultural and forest landscape of Poland has been 
considerably transformed over recent decades. Naturalization and increased human 
pressure coexist, and their effects are difficult to separate (BALON, GERMAN 2001). 
With respect to plant cover, their effects occur after different periods of time, but are 
widely present and have a clearly defined direction. For example, a decrease in areas 
of semi-natural grasslands and meadows, and dry coniferous and thermophilous 
forests is observed, as well as a decline in habitats with plants typical for these 
formations. Diversity of plant cover is decreasing, and mesophilous species, 
common and having high dispersion and growth potential, are spreading. Stenotopic 
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species having poor competitive features and limited dispersion potential are 
declining. These transformations occur in parallel with the invasion of 
geographically alien species which take advantage of newly formed ecological 
niches. Both in agricultural and forest landscapes anthropophytes often play a 
significant role in the transformation of plant cover on abandoned sites where human 
pressure has ceased. 
 
4. EXAMPLES OF CURRENT GEOBOTANICAL STUDIES INDICATING 
CHANGES IN FLORA AND VEGETATION IN THE LANDSCAPE OF 
POLAND 
Changes in the intensity of land use have far-going consequences for the 
dynamics of flora and vegetation in Poland, and their registration and interpretation 
is a vital ecological subject. This gives botanists and ecologists an incentive to 
undertake detailed studies on the contemporary dynamic changes of plant cover in 
Polish landscape. 
This volume of Folia Biologica et Oecologica contains papers on regional 
research (e.g. DZWONKO 2011; TOWPASZ, STACHURSKA-SWAKOŃ 2011; ZAŁUSKI 
2011) and reports on studies carried out on specific objects, analyzing 
transformations in their flora and vegetation in various aspects and at various levels 
of organization. 
Studies carried out in different geobotanical regions of Poland demonstrated 
that the directions and range of dynamic changes in plant cover are similar across 
the country. This is confirmed by studies in southern Poland (DZWONKO 2011; 
SKOWRONEK et al. 2011; ŚWIERCZ 2011; TOWPASZ, STACHURSKA-SWAKOŃ 2011; 
WILCZEK et al. 2011), south-eastern (CWENER, NOWAK 2011) and central 
(KIEDRZYŃSKI et al. 2011, KUROWSKI et al. 2011; WOZIWODA, AMBROŻKIEWICZ 
2011; WOZIWODA, KOMPERDA 2011; WOZIWODA, MICHALSKA-HEJDUK 2011) as 
well as north and western regions of Poland (ADAMOWSKI, BOMANOWSKA 2011; 
RATYŃSKA et al. 2011; ZAŁUSKI 2011). 
The formation of secondary forest phytocenoses, spontaneous or human-
assisted, is a common ecological process observed today in the landscape. 
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Therefore, the process of secondary succession is one of the most frequently studied 
problems in the presented papers. Detailed data on changes in species composition 
during secondary succession were obtained from permanent study plots 
(ADAMOWSKI, BOMANOWSKA 2011; DZWONKO 2011). Data from multi-annual 
observational series presented in the listed papers are highly valuable, as they 
explain in detail the reasons for and mechanisms of dynamics in contemporary plant 
cover on various scales, and also enable the development of models and the testing 
of ecological hypotheses. They are also unique because they require the process to 
be followed for decades longer than the lifespan of a single researcher, and therefore 
such studies are undertaken quite rarely. 
Much more popular studies on secondary succession employ a 
chronosequence method based on the description of floristic compositions 
developed at a certain time or in a predicted time. Interesting conclusions on this 
type of study were made based on the analysis of changes in plant cover carried out 
using transects established on the patches abandoned in different periods 
(WOZIWODA, AMBROŻKIEWICZ 2011; WOZIWODA, MICHALSKA-HEJDUK 2011). 
Valuable information on general directions of succession were provided by 
floristical and phytosociological studies repeated after several decades on the sites of 
semi-natural protected communities (CWENER, NOWAK 2011; DZWONKO 2011). 
Study results confirmed the decline of precious meadow and grassland communities, 
associated with extensive management, even on the scale of entire regions 
(DZWONKO 2011; ZAŁUSKI 2011). This results in local and a regional decrease in 
floristical diversity and the formation of secondary forest and brushwood 
communities of lower floristical value. 
An important group of papers is focused on changes in forest vegetation. 
Transformations of forest communities result, among other things, from 
regeneration after ceased use, and the introduction of legal protection (KIEDRZYŃSKI 
et al. 2011). Changes are also caused by the introduction and invasion of alien 
species (RATYŃSKA et al. 2011; SKOWRONEK et. al. 2011; TOWPASZ, STACHURSKA-
SWAKOŃ 2011). Advancing fragmentation of the landscape, and isolation of old 
forest patches is a vital aspect in the formation of species composition in forest 
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phytocenoses (DZWONKO 2011; WILCZEK et al. 2011). Interesting results were 
provide the application of new measures and analysis methods of floristic 
transformations in forest phytocoenoses (WILCZEK et al. 2011; SKOWRONEK et. al. 
2011). Dynamic changes in forests, reflected by the increasing share of mesophilous 
species, can lead to changes in the range of communities across regions. 
Communities formed by heliophilous and thermophilous species decline, and the 
area of coniferous forest communities decreases (ZAŁUSKI 2011). 
Dynamic changes in vegetation are also influenced by anthropogenic 
modification in soil conditions, like drainage (KUROWSKI et al. 2011; WOZIWODA, 
MICHALSKA-HEJDUK 2011) or alkaline dust pollution (ŚWIERCZ 2011). Soil drainage 
leads to the decline of many hygrophilous forest communities and moors (ZAŁUSKI 
2011). If habitats are at risk of damage, sites of valuable protected species require 
metaplantation to preserve the complete genetic pool of the native flora (KUROWSKI 
et al. 2011). 
The above-listed examples confirm the nature of changes in the plant cover 
of Poland, and are a sample of current studies on the dynamics and structure of 
vegetation in Poland. As with papers on the dynamics of flora in protected areas 
(HOLEKSA, SZWAGRZYK 2006), the study results contained in this volume of Folia 
Biologica et Oecologia contribute to the better understanding of the directions of 
changes. The detailed ecological and biological mechanisms driving these processes 
still remain a challenge for Polish geobotanists. 
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